ABSTRACT
INTRODUCTION
Wi th the increasing need for high input/output (I/O) counts and miniaturization, novel electronic packages are continuously being developed. Wafer level packaging technology is becoming popular due to low cost and higher electronic performance. Epoxy resin is widely used in electronic packaging and its performance is very important to the reliability of electronic packages. To obtain good performance of these materials and guide the experimental research, it is important to understand the material properties of epoxy materials, such as Young's modulus, Tg and coefficients of thermal expansion at a fundamental level. However, it can be used to describe the performance of large and complex organic, inorganic and solid state systems due to its cheap and fast calculation. Which is listed in Table 1 ? All the models were conducted at both 25 and 125 °C for 200 ps using the ensembles of the constant number of particles, constant-pressure and constant temperature (NPT). The calculated volume for each kind of model is listed in Table 1 . It was found that the calculated volume was nearly proportional to the amount of the epoxy resin and TETA molecules. It means that the cell size has no large effect on the calculated properties. Therefore, to reduce the computational requirement, the smallest size of cell was used in the following simulation. The effect of simulation time on the simulation results was also investigated and the results indicated that the simulation time in this study was sufficient for the convergence of simulation results.
In order to imitate the thermal performance in a kinetic process, MD simulation of a cooling process was performed. MD simulations were conducted starting at 225 _C under a pressure of 0.1 MPa using NPT ensembles. Temperature was cooled to room temperature at a rate of 10 °C/200 ps, which was controlled by the nose method. Each subsequent simulation was started from the final configuration obtained at the preceding temperature. The simulation in each case study was performed with an interval of 1 femtosecond (fs) in each MD simulation step. 
RESULTS AND DISCUSSION
Density of the cured epoxy at each temperature was calculated from the average specific volume of the system, as shown in Fig. 2 . A steady increase of the density with decreasing temperature and a clear change in the slope of the density curve were observed. The change in the slope of the density curve defines the value of the glass transition temperature (Tg), at approximately 109 °C, where the epoxy resin passes from a glassy state to a rubbery state. It was observed that the assigned cooling rate affects the predicted value from MD simulations [5, 6] . The mobility of the polymer chains rapidly decreases when the polymer melt is cooled below Tg, and sufficient long time is needed for the equilibrium structure. Higher cooling rate in the simulation can increase the departure from the equilibrium state, which results in higher value. Table 2 .
The initial volume of the system from MD simulations was 36.20 nm3 and the corresponding volume of the system at each temperature from MD simulations was obtained. The volume thermal expansion coefficient, a, is defined by the following equation:
Where T is the temperature, P is the pressure, and V is the volume.
The predicted material properties from MD simulations are in good agreement with the experimental values from the literature [12] , which confirms the accuracy of the cured epoxy resin model, the properness of the force field and the cooling rate. Comparing to other researches [2e8], the present MD model attempted to predict material properties of the cured epoxy resin, which is of higher complexity of the structure. The predicted material properties of an epoxy resin compound prior to laboratory design can guide the design and development of a new epoxy resin compound with higher quality, which is widely used in electronic packaging.
CONCLUSIONS
In summary, the results have demonstrated the usefulness of the MD simulations as a tool to determine the material properties of the cross-linked epoxy resin compound. It is shown to provide an effective and accurate estimation of the material properties of epoxy resin compound at macro-scale. The cooling rate chosen in this study was fined-tuned so that the predicted value of Tg from molecular dynamic simulation was expected to be very close to the experimental value in the literature. Low crosslink density of the epoxy resin voids and impurity inside the epoxy compound may result in the degraded material properties comparing with those from MD simulations. The results serve to confirm that MD simulation is getting to stage to find wide application in modeling epoxy resin application in various fields, particularly in electronic packaging.
